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The objective of this paper is to examine the long run relationship between private 
and public capital in Portugal. 
In order to determine the existence of this long-term link, there is a need to evaluate 
the cointegration of these variables. This required the determination of the integration 
order for both variables. To achieved this goal, ADF and PP tests were performed, 
showing evidence that both private and public capital are I(2).  
Once executed the Johansen’s test, it was found statistical evidence of a possible long 
run relationship between private and public capital. Since these stock variables are the 
accumulation of their respective investment, it was possible to extend this relationship to 
the investment level.    
 Utilizing a Cobb Douglas production function, an error correction term was 
determined. When this variable was added to the private investment, both the error term 
and the public investment were shown as statistically significant. Their estimations 
suggest an existence of crowding-out effects.  
Nonetheless, the results of the error correction term should be interpreted with care. 
Due to the number of cointegration vectors found, Granger causality tests were 
performed. Because no evidence of granger causality was found, the direction of the 
causality between the public and private sector is not clearly specified.  
  
Keywords: public and private investment; public and private capital stock; 
Portugal 
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In the theoretical and empirical literature, it is broadly accepted that investment, as a 
component of the output, is crucial to economic growth and the development of an 
economy. That is, capital formation of a country is closely linked to its economic growth. 
Anwer and Sampath (1999) 
Investment will affect both the demand (in the short-term) and the supply side (in the 
long-term) via capital accumulation. This investment can be done by the public sector 
and/or by the private sector. How these two types of investment interact will affect the 
impact of the overall investment in the growth of the output.     
Focusing on the relationship between public and private investment, once there is an 
increase in public investment there could be a crowding in effect or a crowding out effect 
on private investment. There is crowding out when an increase in public investment leads 
to a reduction in private investment. This increase in public investment will have to be 
financed. One possibility is a higher tax burden on the private sector, which will influence 
its profit and investment decisions. Another possibility is a higher demand for funds in 
the capital market, therefore, an increase in the interest rates. In this case, there would be 
a diminution of the savings available to the private sector and a reduction of the expected 
return of private capital. Afonso and Aubyn (2009) 
Crowding in occurs when an increase in public investment rises private investment. 
According to Shvets (2018), this effect could be associated with the creation of better 
infrastructures in the economy, such as airports, roads and power generation. The 
existence of a developed infrastructure will increase the marginal productivity of the 
private capital and promote more business. Bahal, Raissi and Tulin (2018) also noted that 
public investments in health and education may also have a complementary impact on 
private investment by raising its marginal productivity. 
Due to this duality in the investment effect, affecting both the short and the long run, 
Hatano (2010) and Dreger and Reimers (2016) highlighted the necessity to distinguish 
between flow and stock variables, hence among static and dynamic reactions. 
Because this work focuses on the long run relationship, only utilizing flow variables 
would misrepresent all the capital gains in the Portuguese economy promoted by the 
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public investment. Therefore, this study will consider both investment flows and capital 
stocks. 
  The remainder of the paper is organized as follows. Section 2 outlines the literature 
review. Section 3 illustrates the theoretical framework, where the model, data and 
methodology are presented. Section 4 shows the econometrics tests performed. Section 5 
disclosures the Error Correction Model and the Granger causality test. Section 6 
concludes with main findings and remarks. 
 
2. LITERATURE REVIEW 
The relationship between public and private investment has an extensive and not 
consensus literature. Depending on the strand of literature, on the methodology and 
sample used, the effect of public investment on private investment will be different. We 
mention below several related studies and their respective conclusions.   
One of the pioneer studies was done by Aschauer (1989). Supported by neoclassical 
theory, the author estimated a VAR for the US economy. The objective was to assess the 
effects of public investment on output and private investment. Public investment affecting 
positively the public capital would increase the productivity of private capital. Hence, a 
higher private capital rate of return. The conclusion achieved proposes that public 
investment may induce private investment.  
Some authors questioned the results obtained by Aschauer (1989). Tatom (1991) 
described some shortcomings in the mentioned work. The first one was that Aschauer 
(1989) did not consider the influence of change in energy price. A second one would be 
the omission or reduction of time trends in productivity. This could influence the 
computation of the coefficients and standard errors. A last critique would be that 
regressions were estimated in level, even though the variables indicated stochastic trends. 
That is, this methodology raised the possibility of spurious estimation. When addressing 
these shortages, Tatom (1991) showed that the effect of public capital on the private sector 
output was not statistically different from zero, indicating that public capital does not 
have a positive marginal on the private sector.  
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Evans and Karras (1994) also criticize the work of Aschauer (1989), highlighting that 
proven correlation does not imply causality within the variables. Similar to Tatom (1991), 
they also reinforce the necessity of differentiating the data utilized due to trends. Based 
on a panel data for 48 states of the United States, they used two methodologies: the first 
one was the Cobb-Douglas and translog functional forms; the alternative was estimating 
the output elasticities of government capital and its services. While the study found strong 
evidence that education services are productive, often others government activities had 
statistically significant negative productivity. 
Also assessing the United States economy, Pereira (2000) estimated a VAR in first 
differences. The estimation showed that public investment would have a crowding in 
effect on private investment in the long run. With a scrutinized analysis of the various 
components of the public investment, it was also shown that all types of public capital 
crowded in private investment. 
The study done by Voss (2002), examines the link between government and private 
investment in the United States and Canada. With a VAR model based upon Jorgensen’s 
neo-classical model of investment, it was utilized a quarterly data between 1947 and 1988. 
No evidence of complementarity between public and private was found. The results 
indicated that public investment tended to crowd-out private investment. 
Mitra (2006) also developed a similar framework considering the Indian economy. 
However, it is imperative to note that the investigation was focused on the short run 
relationship between public and private investment. Via a VAR analysis, it was revealed 
that between 1969-2005 there were a crowding-out effect.  
Using a Bayesian Structural VAR, Afonso and Sousa (2012) provided an analysis of 
government spending in the countries: United States, United Kingdom, Germany and 
Italy. Government spending shocks, which were identified using a recursive identification 
scheme, seemed to have a negative on private investment.  
Focusing in the long run, Creel, Monperrus-Veroni and Saraceno (2009) addressed 
the relationship among private and public capital in the United Kingdom. To investigate 
this issue, the authors used a Structural Vector Autoregression (SVAR), adding into their 
model long run factors such public debt accumulation and policy interactions. There were 
reliable evidences that public investment had a positive and permanent effect on real 
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GDP. Hence, suggesting that a further increase in public investment would be productive 
because it would increase the output level. 
In contrast to some results above mentioned, Afonso and Aubyn (2009) demonstrated 
that both crowding in and crowding out would depend on the country. Their study covered 
14 European Union countries, Canada, Japan and the United States. To sum up, it was 
found crowding out in five cases (Belgium, Ireland, Canada, the United Kingdom and the 
Netherlands). On the opposite side, crowding-in was proven the eight cases (Austria, 
Germany, Denmark, Finland, Greece, Portugal, Spain and Sweden). 
For the Japanese economy, the study performed by Hatano (2010) was centred on the 
long run perspective, more precisely, based on a stock phase instead of a phase flow. 
Once concluded cointegration of the time series private and public capital, an error 
correction model was constructed. With the introduction of the error correction term, the 
results of the estimations proposed the existence of crowding-in effects between public 
and private investment. Nonetheless, it is crucial to emphasize that, proving crowding-in 
is not enough to derive the direction of it.   
Considering 17 OCED economies, Abiad, Furceri and Topalova (2015) found 
evidence that public investment would raise output (both the short and long term) and 
crowded in private investment. In addition, it was proved that some factors (the degree of 
economic slack, the efficiency of public investment and how this investment is financed) 
could play a crucial role on the effect of public investment. Countries that would benefit 
the most from public investment were the ones that had an infrastructure need, were 
efficient with their investment, faced an economy slack and monetary accommodation.  
 When studying 12 economies belonging to the euro area, Dreger and Reimers (2016) 
showed cointegration of the variables: private investment, real GDP, real interest rate and 
a deviation term from the stock equilibrium. With this relationship established, the 
authors suggested that lower public investment in these countries may have restrained the 
private investment and economic growth. 
When considering the more specific case of the Portuguese economy, once again the 
studies developed have different and not consensus outcomes. Below it is found some 
examples of papers, on which different methods were used and different conclusions were 
added to the literature framework.   
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Supported by the data between 1965-1995, Ligthart (2000) studied the effects of 
public capital on output growth. The author applied two methods. The first one is the 
estimation of a Cobb Douglas function employing OLS and Johansen’s cointegration 
procedure. The second approach was an unrestricted VAR for a dynamic analyse. The 
conclusion advocated public capital as a significant determinant of output growth in 
Portugal. Besides that, from the disaggregation of public capital, it was found that 
transport infrastructures are more productive than other alternatives of public investment. 
Afonso and Sousa (2011) when applying a VAR counter-factual, the outcome showed 
that without the government spending shocks, the values of private consumption and 
private investment would have been superior. This highlights the crowding-out effect.  
Andrade and Duarte (2014) inquired about the effects of both types of investment on 
GDP over the period 1960‑2013. ADL and SUR models were used for the estimation of 
the variables (output, private and public investment and the real exchange rate). The 
results report the presence of complementarity between private investment and public 
investment. Thus, pointing to a positive effect of the public investment on both output 
and private investment.  
 
3. THEORETICAL FRAMEWORK  
3.1. The model 
In this paper, we employ the same model used by Dreger and Reimers (2016) and 
Hatano (2010), to assess the relationship between private and public investment. It is 
assumed the Cobb Douglas production function: 





                                 (1) 
 
in which, Y is the gross domestic product, A is a measure of productivity, L is the labour, 
K is the private capital, G is the public capital, and α, β, γ are parameters associated with 
the production elasticities.  




   and the marginal product of public capital is 𝛾 
𝑌𝑡
𝐺𝑡
.     
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With an optimal accumulation of capital, the marginal products will be equal to their 




=  𝑟𝑝𝑡  and 𝛾 
𝑌𝑡
𝐺𝑡
=  𝑟𝑔𝑡               (2) 
 
in which, 𝑟𝑝𝑡  is the real interest rate for the private sector and 𝑟𝑔𝑡 is the real interest rate 
for the public sector.  
Due to arbitrage, it is assumed that these two rates will move in a parallel way 
regardless of the difference in the risk premia. Also, the relationship between them will 
be defined as 𝑟𝑝𝑡 =  𝜃 𝑟𝑔𝑡, where θ is a constant (Hatano, 2010). 
In this setting, the long run relationship could be written as: 
 
𝑲𝒕 =  
𝜷
𝜽𝜸
 𝑮𝒕                             (3) 
 
expressing the existence of a relationship between private capital and public capital. In 
the case of proven cointegration, the above equation will be fundamental to the definition 
of the Error Term latter considered in this study.  
 
3.2. Data 
This study was based on data from the AMECO database over the period 1980-2018 
for the Portuguese economy. The variables are: private and public investment, GDP and 
the private and public capital stock. It is important to highlight that natural logarithms 
will be applied to all abovementioned variables.  
The private and public stock of capital were determined using the method applied in 
Dreger and Reimers (2016). The AMECO database only provides capital stock for the 
entire economy. In order to obtain separate values, the 1980s were taken as reference to 
determine the initial stock of capital1. 
 
1 See in Appendices, table Data and Sources, for how the stock values were determined.  
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3.3. Methodology  
To examine long-term relationships, showing cointegration between variables is a 
necessary step. Thus, with the objective of studying the long run link between public and 
private capital, it is necessary to show cointegration between these time-series.  
The first step is assessing the integration and unit root properties of the 
aforementioned variables. They were subjected to Augmented Dickey-Fuller test and 
Phillip Perron test. The objective of these tests is to obtain the statistical evidence of the 
integration order. Because theoretically, only the variables with the same integration 
order can cointegrate.  
Once determined that both variables have the same integration order, the following 
step is to analyse the cointegration of those variables. For this, the method chosen was 
the Johansen Test. This will state if the variables are cointegrated, hence, if there is 
evidence of a long-term relationship. 
Because there was a reliable indication of cointegration, it was possible to reproduce 
the method applied by Hatano (2010). Based on the Cobb Douglas function, an Error 
Correction Model was developed.  
Extending this analysis to the investment level, the error correction term was 
introduced and estimated. Its estimated value will determine its effect on private 
investment. Moreover, Granger Causality tests were chosen to assess the causality 
direction within the variables.  
 
4. Econometrics Tests  
4.1.Stationarity and Unit Root Analysis 
Since the principal aim of this paper is to investigate the long run relationship between 
private and public capital, it is essential to appraise the properties of the time series in 
regard to stationarity.  
According to Wang (2009), a time series is stationary if is integrated of order zero or 
I(0), hence having no roots on or inside the unit circle. Therefore, evaluating stationarity 
is equivalent to testing for the existence of unit roots in the time series. 
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To achieve stationarity, the time series needs to be differenced once, then it is I(1). If 
the time series needs to be differenced a second time to achieve stationarity, then it is I(2). 
In cases of higher-order integration, the variables contain roots on or inside the unit circle.  
The stationarity of a variable will influence its behaviour. When a stationary time 
series is affected by a shock, the effect will gradually disappear. In contrast, when non-
stationary data suffers a shock, those effects will be infinite. Brooks (2008) 
As a consequence of their characteristics, in general, the long-term features are 
normally connected with non-stationarity variables. As explained by Wang (2009), 
shocks in these variables will permanently change their path, shifting it to a higher or 
lower level in the distant future. In order to assess the integration, it was applied the 
Augmented Dickey–Fuller (ADF) and Phillips-Perron (PP). These tests were applied 
using the logarithms of all the variables.  
ADF and PP tests both suggested that private capital is a variable I(2). The same did 
not happen with public capital. The ADF suggested that public capital is an I(2) time-
series, while the results obtain via PP show the variable as I(1). Since both tests accepted 
the rejection of unit root in the second difference, this work will consider both variables 
as I(2). These results are analogous to the ones achieved by Dreger and Reimers (2016) 
and Hatano (2010). 
 
4.1.1. Augmented Dickey–Fuller Test 
The variables under study in this paper were subjected to Augmented Dickey-Fuller 
test in level, first difference and second difference. In this technique, it was considered 
three cases: constant and no trend, no constant and trend, and also, neither of them. 
The hypothesis under each test are: 
• The null hypotheses: the existence of a unit root; 
• The alternative hypotheses: stationarity; 
The Table I presents the results obtained when applied the ADF tests on private and 
public capital. To all of them, it will be applied a 5% significance level. 
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At level sample, it is not possible to reject the null hypotheses. Which means, there 
are no statistical evidences that the variables are stationary.  
Once considering the first difference of the data, again the null hypotheses cannot be 
rejected. There is statistical evidence of a unit root in all cases. 
Last, once taking under consideration the sample at its second difference, it is possible 
to reject the null hypotheses in all cases except one, more precisely, for the private capital 
once considering both trend and constant.  
Overall, there are statistical evidences that both private and public capital are I(2).  
TABLE I: AUGMENTED DICKEY–FULLER TEST OF PUBLIC AND PRIVATE CAPITAL 
 
Private Capital Public Capital 
Lag Intercept Trend and 
Intercept 








































(Note) The period considered is 1980 to 2018. Schwarz Information Criterion was used for the lag selection. 
The entries are the test statistics. The values in parentheses are the p-values.    
 
4.1.2. Phillips-Perron Test 
Similar to the previous test, this method is also established on the data in level, first 
difference and second difference. Again, it will be taken into consideration three cases: 
constant and no trend, no constant and trend, and also, neither of them. 
According to Brooks (2008), the authors Phillips and Perron have developed a more 
comprehensive theory of unit root non-stationarity. These tests are similar to ADF tests, 
but they allow the autocorrelation of the residuals.  
The hypothesis under each test are: 
• The null hypotheses: the existence of a unit root; 
• The alternative hypotheses: stationarity; 
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The Table II summarizes the outcomes achieved when applied the PP tests on private 
and public capital. Similar to the ADF test, it will be considered a 5% significance level. 
Focusing on private capital, the outcomes bring a point of attention that could lead to 
misleading conclusions. When applying the tests on the level data, exists the rejection of 
the null hypotheses in only one of the scenarios considered. This happens when 
considering intercept, as the p-value determined is 0.0033. This would suggest that 
private capital was stationarity. However, Hatano (2010) alerted that on this specific 
situation, the test may not present much reliability when facing an I(2) time series.  
However, when studying the data on its first and second difference, all the cases yield 
the same outcomes. In other words, at first level there is no rejection of the null 
hypotheses. When considering the second difference, the null hypotheses for unit root are 
rejected. Hence, exists statistical evidences that private capital is an I(2) time series. 
Now analysing the public capital, the results express contradictory conclusions on the 
data level. If taking into account the model with constant and constant with trend, they 
both reject the null hypothesis. At first difference, all the models suggest that public 
capital is a variable I(1). 
 
TABLE II: PHILLIPS-PERRON TEST OF PUBLIC AND PRIVATE CAPITAL 
 
Private Capital Public Capital 
Lag Intercept Trend and 
Intercept 








































(Note) The period considered is 1980 to 2018. Schwarz Information Criterion was used for the lag 
selection. The entries are the test statistics. The values in parentheses are the p-values.    
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4.2. Cointegration Analysis 
For a long run association to exist, there needs to be cointegration. A necessary 
condition to assess this cointegration is the non-stationarity of the variables. Evidences of 
unit roots have been already presented in this study.  
To investigate cointegration, there are two most common alternatives available in the 
econometric framework. The first one is the Engle-Grangers Two Step Estimation 
Method. The second possibility is Johansen’s Maximum Likelihood Method. This one 
can determine Trace Statistic and/or the Maximum Eigenvalue Statistic. 
According to Brooks (2008), Engle-Grangers method presents a limitation in terms of 
the size of the sample. That is, it requires a larger data to make its estimations feasible. 
Since the number of observations contained is this study is not extensive, this method did 
not seem appropriate, hence the choice of the Johansen’s method. 
It was performed the Johansen cointegration tests on the logarithms of private and 
public capital. The results are expressed in Table III. 
 
TABLE III: JOHANSEN TEST BETWEEN PRIVATE AND PUBLIC CAPITAL 











n=0 n>0 15.49471 0.0004 
3 
n≤1 n>1 3.841466 0.0194 
Maximum 
Eigenvalue 
n=0 n>0 14.26460 0.0018 
n≤1 n>1 3.841466 0.0194 
(Note) The data considered is from 1980 to 2018. Schwarz Information Criterion was used for the lag 
selection. The n represents the number cointegrating equations. 
 
In light of the above results, both trace and maximum eigenvalue tests indicated the 
existence of two cointegrating equations. Consequently, suggesting the presence of two 
linear combinations between the time series, which conducts the relationship over the 
data period. However, having two cointegration vectors does bring the necessity to pay 
attention to the causality.  
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5. THE ERROR CORRECTION MODEL 
5.1. The model  
The integration and cointegration properties of the private and public capital were 
already illustrated in this paper. Relying on the previous considered outcomes, now the 
analysis will be extended. 
Recalling the likelihood of a long run relationship between private and public capital, 
it is possible to develop the underlying relationship to the level of private and public 
investment. As explained before, the private and public are stocks resulting from 
accumulation of their respective investment, which are flow variables. 
In accordance with the evidence of a long-term relationship, it is acceptable the 
following step: construction of an Error Correction Model. This model offers a short-term 
dynamic analysis of time series towards their long run values.  
This framework implies a short run dynamic adjustment mechanism. The variables 
will converge over time to their long-term value, in other words, they will move from a 
disequilibrium position to the equilibrium. Considering the specifics of this paper, when 
private and public capital stock departures from their respective long run numbers, private 
and public investment will eventually correct this disequilibrium.  
At this point, we can rewrite the equation (3) using logarithms. The long run 
relationship between the series private and public will be: 
𝑙𝑛𝐾𝑡 =  𝑐0 +  𝑐1𝑙𝑛𝐺𝑡 + 𝑒𝑡          (4) 
 
where 𝑐0 = ln 𝛽 − ln 𝛾 − 𝑙𝑛𝜃 and 𝑐1 are coeficients estimated,  𝑒𝑡 the error term. In 
fact, the error term can be defined as:  
 𝑒𝑡 =  𝑙𝑛𝐾𝑡 − (𝑐0 +  𝑐1𝑙𝑛𝐺𝑡)       (5) 
 
This variable is the mechanism responsible to reinstate the equilibrium after a 
deviation in the prior period.  
The private investment function can be written as: 
ln 𝐼𝑡 = 𝑎0 + 𝑎1 ln 𝐼𝐺𝑡 + 𝑎2 ln 𝑌𝑡 + 𝑎3𝑒𝑡−1 + 𝜀𝑡         (6) 
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in which, I is the private investment, IG is the public investment, Y is the gross domestic 
product and 𝑒 is the error correction term. 
The coefficients can be interpreted as: 𝑎1 shows the direct effect of public investment 
(when affecting or not the public capital),  𝑎2 translates the effect of economic activity, 
𝑎3the effects of the error correction term in adjusting to the equilibrium. The coefficients 
𝑎1, 𝑎2 and 𝑎3 express the elasticity of real private investment with respect to each 
independent variable. 
 
5.2. The estimation and interpretations  
The error correction term can be written as:  
𝑒𝑡 =  𝑙𝑛𝐾𝑡 − (4.9365 + 0.2753 𝑙𝑛𝐺𝑡) 
The coefficients were determined using OLS. This methodology was chosen as 
opposed to the vectors of cointegration due to some points of attention risen by authors 
presented in the literature review. Hatano (2010) expressed caution on the reliability of 
the cointegration vectors estimated based on Johansen’s test. Dreger and Reimers (2016) 
expressed that cointegration tests have the primary objective of assessing the 
appropriateness of the empirical mode, and do not to provide the estimation of the long 
run parameters.  
Also, the private investment function can be estimated:  
ln 𝐼𝑡 = 0.0005 − 0.1027 ln 𝐼𝐺𝑡 + 1.9519 ln 𝑌𝑡 + 0.5330𝑒𝑡−1 
                                          (0.9573)           (0.0305)                  (0.0000)             (0.0124) 
𝑅2 =  0.4083, DW = 2.2667 
The values in parenthesis are the p-values, 𝑅2 is the adjusted coefficient of 
determination and DW is the Durbin-Watson statistic.  
• 𝑎1 =  −0.1027: a 1% change in public investment is associated with a 0.1027% 
decrease in private investment. This variable is statistically significant. 
The negative sign leads to conclude a crowding-out effect.  
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• 𝑎2 = 1.9519: a 1% change in GDP is associated with an 1.9519% increase in 
private investment. This variable is statistically significant. 
• 𝑎3 =  0.5330: a 1% change in error correction term is associated with an 0.5330% 
increase in private investment. This variable is a statistically significant.  
Moreover, the positive sign suggests that if public investment causes public 
capital to increase, the error term will decrease. Therefore, private investment will 
decrease. This could be interpreted as crowding-out effect.   
 
5.3. Causality Test  
A long-term relationship has been established between private and public capital. 
Furthermore, it was suggested an error correction term which links private and public 
investment.  
As the Johansen’s test indicated two cointegrated vectors, there could be interactive 
causality between them. Aiming to clarify this, the Granger causality test is applied. The 
necessary differentiation is done to guarantee stationarity.   
 
TABLE IV: GRANGER CAUSALITY TEST 
Causal Relationship F Value (P value) 
∆ ln 𝐼𝐺 → ∆ ln 𝐼 0.94474 0.3997 
∆ ln 𝐼 → ∆ ln 𝐼𝐺 0.49982 0.6114 
∆2 ln 𝐾 → ∆2 ln 𝐺 1.11780 0.3592 
∆2 ln 𝐺 → ∆2 ln 𝐾 0.25509 0.8570 
(Note) The data considered is from 1980 to 2018. Lag orders are 2. 
 
No clear empirical evidence was found for the causality between the private and 
public investment. The same outcome yield for the causality between private and public 
capital stock.   
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The objective of this paper was to study the long run relationship between private and 
public capital in the Portuguese economy. And starting from that, derive the relationship 
between private and public investment. 
From a theoretical perspective, to show evidence of this long-term relationship 
between those two categories of capital, it was necessary to demonstrate cointegration of 
the private and public capital.  
To pursue the proof of cointegration, it was necessary to evaluate those two time series 
in terms of integration and unit root properties. Thus, ADF and PP tests were 
administrated. It was found statistical evidence that private and public capital are I(2) 
variables.    
Once determined that both variables are I(2), it was possible to proceed to the next 
step: cointegration test. For this, the chosen method was the Johansen test. The outcomes 
obtained suggested that there are two cointegrations equations. With these results, it is 
possible to confirm the existence of a link between private and public capital in the long 
run.  
Based on the Cobb Douglas function, it was possible to define an equation of the long-
term relationship between the two types of capital. Using this equation, it was possible to 
estimate the error correction term. This variable is the mechanism responsible to 
guarantee the equilibrium after a deviation.  
Recalling that capital is the accumulation of investment flows, it was possible to 
extend this long-term link to the investment level. Therefore, using the same investment 
function used in Hatano (2010), the error correction term was added as one of the 
variables that could explain private investment.  
When estimating the private investment, the results indicated that public investment, 
GDP and the error correction term are statistically significant to explain it. Paying 
attention to the signs of the coefficients of the variable public investment and the error 
correction term, it is shown that there was crowding-out.  
Considering all the above, it was possible to show statistically proof of a long run 
relationship between private and public capital in the Portuguese economy over the period 
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1980 to 2018. Basing on the private investment function, it was possible to show 
crowding out effect.  
However, some important remarks are necessary. The first one is that these 
conclusions are limited to the setting considered. If utilized another production and 
investment function the outcomes may differ. Another point of attention is regarding the 
interpretation of the error correction term. Because there were found two cointegration 
vector, and no evidence of granger causality, the direction of the causality between the 
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Table V: Data and Sources 
Variable Description Ameco Codes 
Private Capital (K) 
It is calculated adding to the initial capital stock, 
the private sector net fixed capital formation at 
constant prices. 
Note:  
1- The net fixed capital formation at current 
prices for the private sector was deflated 
by the Price deflator gross of fixed capital 
formation to obtain the values at constant 
prices.   
UINP: Net fixed capital 
formation at current prices: 
Private Sector; 
PIGT: Price deflator gross 
fixed capital formation: 
Total Economy; 
 
Public Capital (G) 
It is calculated adding to the initial capital Stock, 
the general government net fixed capital 
formation at constant prices. 
Note:  
1- The net fixed capital formation at current 
prices for the general government was 
deflated by the price deflator of gross 
fixed capital formation to obtain the 
values at constant prices.   
2- To determine the initial stock: ratio 
between accumulated net fixed capital 
formation at current prices of the general 
government and the accumulated net 
capital stock of the total economy. 
UING: Net fixed capital 
formation at current prices: 
General Government; 
PIGT: Price deflator gross 
fixed capital formation: 
Total Economy; 
 
OKND: Net capital stock 
at 2010 prices: Total 
Economy; 
UING: Net fixed capital 





It is determined dividing the private sector gross 
fixed capital formation at current prices by GDP 
at current market prices. 
UIGP: Gross fixed capital 
formation at current prices 
(Private Sector); 




It is obtained dividing the general government 
gross fixed capital formation at current prices by 
GDP at current market prices. 
 
UIGG: Gross fixed capital 
formation at current prices 
(General Government); 
UVGD: GDP at current 
market prices; 
GDP (Y) 
It was computed deflating the GDP at current 
market prices (UVGD) by the deflator of GDP. 
 
UVGD: GDP at current 
market prices; 
PVGD: Price deflator GDP 




It is the resid obtained when estimating the 
function 𝑙𝑛𝐾𝑡 =  𝑐0 +  𝑐1𝑙𝑛𝐺𝑡 
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Mean 355.9731 38.67356 0.200828 0.038870 145.5907 -3.99E-17 
Median 367.2538 40.07556 0.198349 0.040769 161.0457 -0.017065 
Maximum 472.0235 73.73249 0.275784 0.055683 184.2624 0.290932 
Minimum 184.4059 0.963449 0.125806 0.015484 87.16390 -0.065447 
Std. Dev 100.5614 26.18507 0.041941 0.010575 33.71893 0.063636 
For the above computations, no natural logarithms were applied to the data.  
 

















Mean 5.830911 3.248529 -1.628146 -3.292907 4.950853 -3.99E-17 
Median 5.906053 3.690767 -1.617726 -3.199842 5.081688 -0.017065 
Maximum 6.157029 4.300444 -1.288137 -2.888084 5.216361 0.290932 
Minimum 5.217139 -0.037235 -2.073015 -4.167953 4.467790 -0.065447 
Std. Dev 0.309919 1.101601 0.220971 0.325249 0.256575 0.063636 
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Table VIII: ADF Test of the other variables 
 
  Level 1st order 2nd order Decision 
IG 






































































































(Note) The sample considered is from 1980 to 2018. Schwarz Information Criterion was used for the 
lag selection. The entries are the test statistics. The values in parentheses are the p-values. The variables 
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Table IX: PP Test of the other variables 
 
  Level 1st order 2nd order Decision 
IG 



































































































(Note) The sample considered is from 1980 to 2018. Schwarz Information Criterion was used for the 
lag selection. The entries are the test statistics. The values in parentheses are the p-values. The variables 
are: private investment (I), public investment (IG), GDP (Y) and the error correction term (e).    
 
